Remote sensing and GIS techniques were employed for prioritization of the Zerqa River watershed. Forty-three 4 th order sub-watersheds were prioritized based on morphometric and Principal Component Analysis (PCA), in order to examine the effectiveness of morphometric parameters in watershed prioritization. A comparison has been carried out between the results achieved through applying the two methods of analysis (morphometric and PCA). Afterwards, suitable measures are proposed for soil and water conservation. Topo sheets and ASTER DEM have been employed to demarcate the 43 subwatersheds, to extract the drainage networks, and to compile the required thematic maps such as slope categories and elevation. LANDSAT 8 image (April-2015) is employed to generate land use/cover maps using ENVI (v 5.1) software. The soil map of the watershed has been digitized using Arc GIS software. Prioritization of the 43 sub-watersheds was performed using ten linear and shape parameters, and three parameters which are highly correlated with components 1 and 2. Subsequently, different sub-watersheds were prioritized by ascribing ranks based on the calculated compound parameters (Cp) using the two approaches. Comparison of the results revealed that prioritization of watersheds based on morphometric analysis is more consistent and serves for better decision making in conservation planning as compared with the PCA approach. The recommended soil conservation measures are prescribed in accordance with the specified priority, in order to avoid undesirable effects on land and environment. Sub-watersheds classified under high priority class are subjected to high erosion risk, thus, creating an urgent need for applying soil and water conservation measures. It is expected that decision 
to examine the effectiveness of morphometric parameters in watershed prioritization. A comparison has been carried out between the results achieved through applying the two methods of analysis (morphometric and PCA). Afterwards, suitable measures are proposed for soil and water conservation. Topo sheets and ASTER DEM have been employed to demarcate the 43 subwatersheds, to extract the drainage networks, and to compile the required thematic maps such as slope categories and elevation. LANDSAT 8 image (April-2015) is employed to generate land use/cover maps using ENVI (v 5.1) software. The soil map of the watershed has been digitized using Arc GIS software. Prioritization of the 43 sub-watersheds was performed using ten linear and shape parameters, and three parameters which are highly correlated with components 1 and 2. Subsequently, different sub-watersheds were prioritized by ascribing ranks based on the calculated compound parameters (Cp) using the two approaches. Comparison of the results revealed that prioritization of watersheds based on morphometric analysis is more consistent and serves for better decision making in conservation planning as compared with the PCA approach. The recommended soil conservation measures are prescribed in accordance with the specified priority, in order to avoid undesirable effects on land and environment. Sub-watersheds classified under high priority class are subjected to high erosion risk, thus, creating an urgent need for applying soil and water conservation measures. It is expected that decision
Introduction
Soil erosion by water is considered a major cause for land degradation in Jordan. Soil erosion is not a recent problem in the country. It was active prehistorically and historically in the rainfed highlands of the Levant region including Jordan. Geoarchaeological and geomorphological studies carried out on the acceleration and intensity of soil erosion in historical time, indicate that historical soil erosion, intense agriculture, and agricultural terraces, were predominant over the Levantine highlands since the Iron Age [1] . Data performed on the alluvial deposits of the W.Wala (Central Jordan) suggest that the destruction of vegetation cover caused high soil erosion rates since the Neolithic and Chalcolithic periods. Indicators of soil erosion and the existence of agricultural terraces, denote that the highlands of Jordan experienced severe soil erosion at least since the Nabatean period, 3000 years ago [2] . Such a conclusion was verified recently by Jebari et al. [3] , where they stated that the Mejerda watershed of Tunisia has experienced intense historical soil erosion over the last 3000 years. The catchment has been exposed to successive agricultural systems which caused intensive exploitation of land resources, land use/land cover abuse, and soil degradation for a long period of time. Quantitative and qualitative studies have been implemented on soil erosion and conservation in Jordan since the 1960s. Mc Donald Partners and Hunting Technical Services LTD [4] estimated that top productive soil is eroded at a rate of 0.14 annually. Thus, in light of rapid population growth (2.8% per year), future sustainable agriculture is seriously threatened by intense soil erosion. The rainfed agricultural region of Jordan has experienced severe widespread erosion including splash, rill, gully and sheet erosion, and landslide activity. The Central Water Authority [5] and Schick [6] reported the occurrence of a heavy rainfall storm on 11 March 1966, which affected Ras En Naqb highlands (Southern Jordan), where the average 4 hr rainfall yielded an intensity of 16 mm•h −1 . Similarly, in 1991/1992, the annual rainfall doubled in the country, resulting in excessive soil erosion, soil slumping, shallow and deep landslides, and mudflows. Sheet and gully erosion were extensive on both land units of side slopes and farming areas. Boundary gullies were recorded on the highlands, infill valleys, and the Ghor. Since the 1940s, Jordan was exposed to repetitive severe rainfall storms, with a maximum rainfall intensity range in 24 hr between 100 mm and 150 mm [7] [8] [9] , whereas, the 48 hr maximum rainfall intensity ranges between 100 m and 180 mm. However, the maximum daily intensity (mm•hr −1 ) varies between 2 and 6.6 mm•hr −1 [9] . Such high rainfall intensities caused serious soil erosion loss and high sediment yield in wadis and rivers draining to the Jordan Rift. Harza [10] for example, estimated the total sediment inflow to King Talal Reservoir (KTR) at 1.7 Mm 3 •yr −1 , while Lara [11] reported that the total sediment volume is at 3.84 Mm 3 •yr −1 . Earlier, Al-Sheriadeh and Al-Hamdan [12] assessed the erosion risk over the Zerqa River watershed and proposed two types of conservation practices: terracing and plantation of trees. Erosion risk was classified as: (i) severe erosion risk by gullying and dominant in the western part of the watershed; (ii) high erosion risk by overland flow and rill erosion, affecting the north eastern part of the catchment; (iii) high gullying erosion risk in the middle, extending eastward; and (iv) low erosion risk by gullying and overland flow dominant in the northern and southern-central part of the watershed. Moreover, using the AGNPS erosion model, Al-Sheriadeh et al. [13] simulated the annual sediment yield at King Talal reservoir at 2.9 Mm 3 •yr −1 . Also, Al-ansari and Knutsson [14] concluded that W. Alarab Dam (northern Jordan) will be filled with sediments within 38 years. The estimated soil erosion loss for W. Kufranja [15] , and W. Kerak [16] catchments using the RUSLE model, indicate that continuous deterioration of top productive soil, and high soil erosion rates seriously endanger the future of constructed dams, and the proposed dams such as W. Kufranja Dam (northern Jordan), and W. Kerak Dam, southern Jordan [17] [18] . Furthermore, the predicted average annual sediment yield (using the SWAT model) for W.Wala for the period 2000-2007, and 2008-2020 was 140.78 tons/year, and 123.1 tons/year respectively [19] . Similarly, the predicted average annual sediment yield for W. Mujib was 341.887 tons/years for the period 2007-2020 [20] . The results obtained using AGNPS erosion model are considered a serious threat to W. Mujib and W. Wala reservoirs as a result of reducing the operational life of the reservoirs by decreasing their active storage.
In situ field measurements of soil erosion were carried out in different biocli- [28] .
During the 1960s, several qualitative investigations were conducted on soil erosion and conservation for W. Ziqlab, north Jordan [29] , the southern highlands [30] , W. Hasa, south Jordan [31] , and soil conservation surveys were carried out for W. Shueib and W. Kufrein, central Jordan [32] . The final products of these surveys were restricted to mapping soil erosion features using air photos and fieldwork, slope categories (%), and physical and chemical properties of soils including soil types distribution. A conventional land capability map for W. Ziqlab was compiled, and a map illustrating the location of proposed soil conservation structures was also supplemented. Continuous human interventions, including the expansion of agriculture on steep slopes and beyond the limit of rainfed agriculture, continuous over-grazing, woodland cutting, rapid urbanization, progressive land fragmentation, and agricultural intensification are the main contributing factors underlying soil degradation in the rainfed agricultural lands of Jordan.
In light of the predominant high soil erosion loss and sediment yield rates, specific sub-watersheds show potential areas for preferential conservation intervention, and must be prioritized immediately for soil and water conservation practices, so as to maintain future agricultural sustainability [33] . Quantitative analysis of drainage basin morphometry was employed recently as an efficient tool to prioritize sub-watersheds for soil and water conservation measures [34] - [45] . Erosion risk parameters represented by linear and shape morphometric variables must be calculated to prioritize watersheds for soil conservation. It has been postulated earlier that linear parameters retain a direct relationship with erodibility. Thus, the highest value of the linear variables was ranked 1, the second highest value ranked 2 and so on. By contrast, the shape parameters have an inverse relation with linear parameters, consequently, the lower their values, the greater the erodibility [37] [38] [46] [47] . Subsequently, the lowest value of shape variable was rated as rank 1 and the second lowest as rank 2 and so on. Compound parameter (C p ) was calculated by adding up all the ranks of linear variable, as well as shape variable, and then, dividing by the number of all parameters. Following the rating of every single morphometric parameter, the ranking values for all linear and shape parameters pertaining to each sub-watershed are added up for each of the sub-watershed to attain compound parameter (C p ) scores based on the average value of these parameters. Moreover, the subwatershed having the lowest compound parameter score was assigned the highest priority, the next higher value was referred as second priority and so on [43] . Highest priority denotes the greater degree of soil erosion in that particular sub-watershed, thus, it is considered a potential area for applying soil conservation measures [48] . However, Patel et al. [38] stated that the prioritization concept is found to be very helpful for understanding the fluvial and morphological characteristics of individual watersheds or sub-watersheds, and for designing efficient soil conservation and water harvesting structures to control soil erosion, and conserve water over a watershed.
Recent investigations carried out on watershed prioritization, employ various methods of analysis, such as morphometric analysis combined with the sediment yield index (SYI) model, and sediment product rate (SPR) [49] . Others adopted the analysis of linear and shape morphometric parameters for prioritization [50] .
In some other studies, morphometric analysis, land use/ land cover parameters, sediment yield index [42] , and Snyder's synthetic unit hydrograph method have been incorporated in analysis [51] . In several other investigations, morphometric aspects associated with predicted annual soil loss parameter, based on the USLE or RUSLE models, or soil erosion susceptibility analysis were employed for identifying potential sub-watersheds for conservation works planning [52] .
Others utilized morphometric indices and the Fuzzy Analytical Hierarchy, including the Saaty Analytical Hierarchy Process [53] for prioritizing watersheds for appropriate control measures. The present study focused on: Information pertaining to present land use/cover, slope, and soil type is employed to help in suggesting suitable soil conservation measures for different sub-watersheds of the Zerqa River. Further, the locations of proposed soil conservation structures were generally clarified. The results achieved are very important to conserve soil and water, and to provide significant information which can assist decision-makers in formulating more reliable soil and water conservation plans for the Zerqa River watershed in the future. GIS techniques have proven to be powerful tools for watershed prioritization, sustainable development and management of land resources. Morphometric analysis in this context is a key to understanding the hydro-morphological processes and characteristics of drainage networks. Linear and shape parameters can be measured and computed using DEM'S, Arc GIS software and the mathematical formulas developed for this purpose [54] [55] [56] [57] [58] .
Prioritization studies demonstrated the role of the geographic information system (GIS), remote sensing (RS), and morphometric analysis as powerful tools in ranking different sub-watersheds according to the order in which they have to be taken for remedial measures through conservation operations [48] . Elaborations have been undertaken regarding the selection of rational morphometric parameters in relation to erodibility to prioritize sub-watersheds [46] [55] [56] [57] [58] . Five linear morphometric parameters (bifurcation ratio, drainage density (km/km 2 ), texture ratio, length of overland flow (km), and stream frequency), and five morphometric shape parameters (compactness coefficient, circularity ratio, elongation ratio, shape factor, and form factor) are often utilized and employed for watershed prioritization. The chosen parameters are reported to be the most consistent variables in prioritizing sub-watersheds for conservation practice.
The Study Area
Prioritization of the Zerqa River sub-watersheds in northern Jordan was con- A sequence of rocks was exposed across the watershed, ranging in age from Triassic to resent sediments. The northeastern part of the watershed is covered by basalt rocks ranging in age from Oligocene to Pleistocene. [66] . The coarse and fine clastic materials washed down along the [69] and peak flooding. The old landslide complexes are tentatively from the Pliocene and Quaternary age [70] .
The climate in the Suweileh and Jubba areas is sub-humid Mediterranean, then it shifts to semi-arid in the Baq'a depression and Jerash, whereas, arid conditions dominate the eastern part of the watershed. Generally, the climate is characterized by long, hot and dry summers, and relatively short and wet winters ern arid areas around Mafraq and Hallabat, where dozens of wells are installed, and groundwater is heavily exploited for this purpose. Pinus halepensis was planted in mid-1950s and 1960s to provide protective measures against soil erosion and landslide activity [72] around the Zerqa river bridge, Jerash area.
Materials and Methodology
Morphometric analysis for prioritization of the Zerqa River sub-watersheds was performed using topographic maps of scale 1:50,000 (20 m contour interval) obtained from the Royal Jordanian National Geographic Centre (RJNGC), Amman. Then, they were scanned, geo-referenced, and converted to zone 36 N projection system using Arc GIS 10.1 and the accompanying packages. The Zerqa River catchment and the 43 sub-watersheds were demarcated initially using topographic sheets. ASTER DEM (30 m spatial resolution) was employed to extract drainage networks of the Zerqa River watershed and the 43 fourth-order subwatersheds using the Arc Hydro tool. Stream order was assigned using the stream ordering system elaborated by [54] [55] [56] [57] [58] . The Zerqa River watershed was found to be of 7 th order. Five basic morphometric parameters such as: area (A), basin length (L b ), perimeter (P), stream order (u), and stream length (L), were measured directly from the DEM using GIS software ( Table 2 ). The five linear parameters which are considered in prioritization of watersheds based on morphometric analysis are: bifurcation ratio (R b ), drainage density (D d ), stream frequency (F s ), texture ration (T r ), and length of overland flow (L o ). Further, the shape parameter utilized in this research are: form factor (R f ), shape factor (B s ), elongation ratio (R e ), compactness coefficient (C c ), and Circularity (R c ). The linear and shape parameters are considered to be the two dimensional properties of a watershed. In this regard they constitute the areal elements of a Linear Parameters
Bifurcation ratio (Rb) Rb = Nu/Nu + 1, where Nu + 1 = no. of segments of the next higher order [54] Drainage density (Dd) (km/km Texture ratio (T) (no./km 2 ) T = Nu/P, where Nu = total no. of streams of all orders P = perimeter (km) [54] Length of overland flow (km) Lo Lo = 1/2 Dd, where Dd = drainage density [54] Shape parameters Circularity ratio (Rc)
, where ᴨ = 3.14 A = area of the basin(km 2 ) P = perimeter(km) [57] watershed, and it is very important for quantitative morphometric analysis of drainage basins. The linear and shape parameters for the 43 sub-watershed were derived and calculated using the DEM, GIS software, and the mathematical equations developed by [54] [46] . A land use/land cover map was compiled using ENVI version 5.1, LANDSAT 8 (April) 2015, and supervised classification. The Maximum Likelihood Method of classification technique was employed to classify land use/cover into categories, based on the classification system proposed by Anderson et al. [73] . A soil map was drawn from the 1994 National Soil Survey maps and reports pertaining to the national soils and land use maps [74] . Moreover, a slope map for the Zerqa River watershed was drawn using ASTER DEM as shown in Figure 3 . The slope in the catchment varies from 0˚ to >25˚ catgories. The map which illustrates the 43 sub-watersheds was superimposed on the DEM, slope categories, land use, and soil maps. Principal Component analysis (PCA) was employed to explore the most influential morphometric parameters for prioritization of watersheds based on the parameters which are highly correlated with important components. A comparison of the results of prioritization obtained based on applying the two methods of analysis was performed.
Results and Discussion

Morphometric Analysis
Geomorphometric analysis was conducted for the entire Zerqa River watershed and the 43 sub-watersheds to assess the characteristics and properties of the drainage networks. Fifteen morphometric parameters which represent basic, linear and shape parameters were utilized to prioritize sub-watersheds for soil conservation. Table 3 displays the computed morphometric parameters. The total drainage area of the watershed is 4895.11 km 2 , and the drainage pattern is dendritic to sub-dendritic in the upper catchment, and trellis type in the southern and western type. The watershed is classified as a seventh basin-order ( Figure 6 ) with a length of 143.8 km, and perimeter of 464.7 km. The total number of streams (Nu) is 5806, and the first order streams account for 79.6% of the total number of streams in the catchment. Generally, the higher the order is, the longer the length of stream in nature. The total stream length (L u ) of the catchment is 7148.25 km, and the first order streams represent 48.5% of the total stream length. A variation exists in stream length ratio (R L ) between the streams for different orders of the Zerqa River catchment (0.376 -3.4), and the 43 subwatersheds. Such variation might be attributed to geomorphic changes in slope River catchment is found to be 0.834 [74] , which is indicative of recurrent phases of rejuvenation and youth-age stage of geomorphic development. The basic morphometric parameters calculated for the 43 sub-watersheds (Table 3) The most significant hydrological characteristics of a watershed is the drai-nage area. It reflects the volume of water that can be generated from precipita- 
4) Total Length of Streams (L u )
The number of streams pertaining to different orders for each sub-watershed was computed, and their lengths are measured ( Table 3 ). The first-order stream has no tributary and its flow depends totally on the surface overland flow related to it. Further, the second-order stream is formed by the junction of two firstorder streams and as such has a higher flow, and the third-order streams receive flow from the two second-order streams [37] . All sub-watersheds in the present study are of fourth-order, but the total stream length of all orders varies remarkably. Among the 43 sub-watersheds, sub-watershed no. 22 ha the greatest total length of streams (15.5 km), while, sub-watershed no. 25 has the lowest total length of streams (1.5 km). It is notable, that the greatest total length of streams is restricted to sub-watersheds deformed by major compressional structures dominating the western part of the Zerqa River Watershed.
Linear Parameters
The linear parameters which are considered in the prioritization process of subwatersheds are: bifurcation ratio (R b ), drainage density (D d ), stream frequency (F s ), texture ration (T r ), and length of overland flow (L o ). 1) Bifurcation Ratio (R b ) Horton [54] defined the bifurcation ratio (R b ) as the ratio of the streams number of a given order to the number of the streams of the next higher order. It is predetermine as an index of relief and dissection. R b values of drainage basins often range between 2 for flat/rolling topography and 6 for watersheds controlled by geological structure where the drainage network is highly distorted.
Conversely, low values of bifurcation ratio dominate catchments without any distortion of drainage systems [55] [56] . However, it is stated that negligible variation in R b values exists among regions of different geologic and geomorphic setting, except where geological and structural control predominate. Hydrological characteristics of watersheds can be correlated with R b values. High R b values denote high overland flow and early hydrograph peak with a high potential of susceptibility to flash flooding during intense rainfall storms [79] . This in turn increases soil erosion rates and sediment discharge into the main channels. Notable variation is observed in R b values at the Zerqa River watershed (Table 3) . Sub-watershed no. 18, for example, has a minimum R b of 1, whereas, subwatersheds nos. 21, 5, 23 and 35 have maximum R b ratios of 9.77, 5.11 and 5.44 respectively. The R bm value for the entire Zerqa River watershed is 4.897. It is clear that R b values are relatively high, for sub-watersheds occupying the western part of the catchment.
2) Drainage Density (D d ) Drainage density emphasizes the closeness of spacing of channels. It is computed as the total length of streams in a catchment per unit area, therefore, it is a measure of terrain dissection and runoff potential of the watershed. A high value of D d indicates a relatively high density of streams, high runoff, a quick stream response, and consequently, a low infiltration rate. By contrast, low drainage density of a watershed implies low runoff and high infiltration [80] . Relative relief and slope steepness are major factors controlling drainage density. (Table 3) . According to Deju [81] classification of D d , 6 sub-watersheds are categorized as watersheds with poordrainage density (0.5), and 11 as sub-watersheds of medium drainage density (0.5 -1.5). Whereas, 26 sub-watersheds are of excellent drainage density (>1.5).
3 
4) Texture Ratio (T r )
T r is calculated as the ratio of the total number of streams of the first order (N 1 )
to the perimeter of the watershed. T r parameter is considered to be one of the most significant factors in drainage basin morphometry. Texture ratio depends on the underlying lithology and surface materials, infiltration capacity, and the relief aspect of the terrain [82] . 
5) Length of Overland Flow (L o )
L o refers to the length of water over the ground before it becomes concentrated into definite stream channels, and is equal to half of the drainage density 
Shape Parameters
Shape parameters include shape factor (B s ), form factor (R f ), elongation ratio (R e ), compactness coefficient (ratio) (C c ), and circularity ratio (R c ).
1) Shape Factor (B s )
Shape factor refers to the ratio of the square of the basin length to the area of the basing ( 2 b L /A). This parameter is in increase proportion to the form factor [46] [54] . Shape factor provides a conception regarding the circular character of the watershed. The greater the circular character of the catchment, the greater is the fast response of the catchment following an intense heavy rainstorm [83] .
The shape factor for the entire Zerqa River watershed is 4.52, whereas, the 43 sub-watersheds exhibit a range of 0.834 to 9.986, which indicates that elongated shapes dominate the sub-watersheds. which indicates the dominance of elongated shape associated with low peak flows for longer duration and as such less probability for severe flooding (Table   3 ).
3) Elongation Ratio (R e ) R e refers to the ratio between the diameter of the circle of the same area as presented by the drainage basin to the maximum basin length [58] . It has been stated that R e values generally vary between 0.6 and 1.0 over a wide range of geological and climatic conditions [56] . R e values close to 1.0 are characteristic of regions with low relief, whereas values in the range of 0.6 -0.8 represent watersheds with high relief and steep slopes. The low values of R e indicate that a particular sub-watershed is more elongated than others. Where the R e value approaches 1.0, the shape of the watershed becomes a circle shape [58] . The elongated shape of a watershed indicates a younger stage of evolution, caused by intense neotectonic activity, while the intermediate shape with a tendency to circularity suggests an early mature stage [84] , and is more efficient in discharge runoff than elongated watersheds. Based on R e values, watersheds were categorized into five groups, i.e. circular (0.9 -1.0), oval (0.8 -0.9), less elongated (0.7 -0.8), elongated (0.5 -0.7), and more elongated (<0.5). The elongated ration of the Zerqa River catchment is 0.530, whereas values of R e for the 43 sub-watersheds range from 0.170 to 0.521, thus, most of the sub-watersheds are more elongated, and a few of them are elongated.
4) Compactness Coefficient (C c )
Compactness coefficient (C c ) is elaborated by Gravelius [75] , thus is also known as the Gravelius index (G I ). It defined as the ratio of perimeter of watershed to circumference of circle area, which is equal to the area of the watershed. When C c value is 1, it means that the catchment is a perfect circle. If the C c value is 1.28, the basin is more square-shaped, while the basin is considered a very elongated one, when the C c value >3.0 [85] . The C c parameter is independent of size of the watershed and dependent only on slope [54] . A circular basin yields the shorter time of concentration before the peak flow realized in the watershed, and C c > 1.0 indicates more deviation from the circular nature [82] . Lower values of Cc imply more elongation and high erosion. The C c value for the Zerqa River watershed is 1.87, whereas the C c values for most of the 43 subwatersheds are greater than 3, which reflects high erosion. 5) Circularity Ratio (R c ) R c is the ratio of basin area (A) to the area of circle having the same circumference as the perimeter (P) of the watershed [57] . Circularity is the most useful shape morphometric measure in correlation with stream discharge. The general trend is that R c value decreases with increasing stream order. Zavoianu [85] argued that the ratio is equal to unity when the watershed shape is a perfect circle, decreasing to 0.785 when the basin is a square, and continues to decrease to the extent to which the catchment becomes elongated. According to Miller [57] , R c is influenced by the length and frequency of streams, geological structures, relief and slope steepness, climate, and land use/land cover of the watershed. Drainage basins with a range of circularity ratios of 0.4 to 0.5 are strongly elongated [57] , with low discharge of runoff and the subsoil of high permeability. The circularity ratio for the Zerqa River watershed is 0.284, whereas, the R c values for 42 sub-watersheds are less than 0.2, and for one sub-watershed (no. 22), the R c value is 0.867.
Prioritization of Sub-Watersheds Based on Morphometric Analysis
Morphometric analysis was recently employed extensively for prioritization of watersheds of different size (sub-watersheds, mini-watersheds, and microwatersheds) for soil and water conservation [35] , and texture ratio (T r ). Additionally, the shape morphometric variables include: form factor (R f ), compactness coefficient (C c ), shape factor (B s ), elongation ratio (R e ), and circularity ratio (R c ). Based on the range of calculated compound parameter (C p ) values (Table 4) , the 43 sub-watersheds of the Zerqa River were classified into three priority groups: (i) High priority (14.0 -20.9) (ii) Moderate priority (21.0 -24.9) (iii) Low priority (25.0 -27.9) Using Arc GIS, the spatial distribution of the 43 sub-watershed groups based on the compound parameter (C p ) values was established. Figure 7 shows priority groups of sub-watershed S for soil and water conservation. Accordingly, the highest priority indicates the greater degree of erosion risk associated with a particular sub-watershed, and it becomes a potential area for adaptation of soil con- Figure 7 . Priority of the 43 sub-watersheds based on based on morphometric analysis. servation measures [43] . Out of the 43 sub-watersheds of the Zerqa River, 17 sub-watersheds (39.5% of the total) (sub-watersheds nos. 5, 6, 7, 10, 13, 16, 17, 19, 31, 32, 33, 34, 35, 37, 38, 40 , and 42) came under high priority (Figure 7) . These sub-watersheds have the highest value of slope, and are heavily influenced by progressive rejuvenation, and deep and shallow landslides, where dissected terrain and steep slopes are characteristic. Furthermore, all these sub-watersheds are affected by the major compressional structure exposed in the western part of the Zerqa River watershed. The spatial distribution of sub-watersheds characterized with high erosion potential, and categorized under high priority for soil conservation, is controlled noticeably by tectonic and structure, geomorphic, lithological and climatic factors. Due to high erosivity character, these subwatersheds need urgent attention for executing soil conservation practices. Nineteen sub-watersheds (44.2% of the total) are classified as moderate priority for soil conservation (sub-watersheds nos: 1, 3, 4, 7, 9, 11, 12, 14, 20, 21, 22, 24, 5, 26, 30, 36, 39, 41, and 43) . These sub-watersheds are located in the basalt geomorphic unit. Arid climate conditions prevail, with low annual rainfall, and minimal vegetation cover. Thus, bare lands are persistent. Most of the land accommodated in these sub-watersheds is utilized as poor rangeland. The third category of sub-watersheds is assigned low priority. It consists of seven sub-watersheds (16.3% of the total) as follows: 2, 15, 18, 23, 28, 29. Three of these sub-watersheds (2, 15, and 18) are located in the rejuvenation belt close to the first category of priority, whereas the other four sub-watersheds are included in the basalt terrain. Rainfed agriculture is practiced over most of the sub-watersheds ranked as high prioritization for soil conservation. The expansion of cultivated cereals to the east towards marginal areas, increases the susceptibility of soil erosion. Moreover, northern and southern highland watersheds are exposed to excessive rates of soil erosion loss due to high soil erodibility, steep slopes, poor conservation control, low vegetation cover (Figure 7 , Table 4 ) and misuse of land resources [14] [15] . Soil erosion becomes more serious on moderate and steep slopes transformed into cultivated land. The transformation of enormous areas of wood and rangeland into farming practices, and the expansion of rainfed "mixed farming" (especially cereals farming) accelerates soil erosion. Thus, cultivated lands with poor conservation measures exhibit a higher rate of soil erosion and decline in soil fertility. Subsequently, all sub-watersheds ranked under high priority, are highly vulnerable to soil erosion, and landslide activity; consequently, they should be prioritized for conservation. Photo-interpretation and field observation carried out earlier in the highland and rainfed areas, indicated that most of mixed rainfed farming lands exhibited typical up and down slope tillage without conservation measures (i.e., contouring and terracing). The highest soil loss values recorded are spatially correlated with rainfed and irrigated farming, barren land, rangeland, and steep slopes (0˚ -6˚, 6˚ -15˚, 15˚ -25˚ slope categories), poor protective land cover, soft rock and week structures, and the presence of old degraded landslides. There is an abundance of shallow landslides and soil slumping, and a remarkable increase of built-up areas and impervious road networks [14] [15] . Never the less, the estimated average annual soil loss rate in the several highland watersheds and rainfed agricultural areas was found to exceed the acceptable soil loss tolerance limits (2 -12 ton•ha −1 •year −1 )
for the Mediterranean environments [88] [89] [90] . Therefore, priority must be given to the protection of sub-watersheds exposed to high soil erosion rates, and with degraded vegetation cover.
Prioritization of Sub-Watersheds Based on Principal Component Analysis (PCA)
Principal Component analysis (PCA) was conducted on 13morphometric parameters as an efficient technique to express the physical behavior, and relationships between morphometric variables for a semi arid watershed with relatively poor hydrological records. Instead of using a correlation matrix, which affirms numerically the degree of association between every pairs of variables, PCA utilizes a "component loading" matrix, which expresses numerically the level of relationship between them and the original morphometric parameters. The weights of the original parameters in each component are called "loadings", and each component is associated with a particular parameter. Besides interpreting the processes that generate the observed relationships between the chosen variables, PCA also provides a simplified data matrix known as the "component score" (or weightings) matrix [91] . The original 13 morphometric parameters were reduced to two significant components as illustrated by the "component loading matrix", and the relationships between the rotated components and the original parameters are occasionally accommodated in the component loading matrix. These relationships are presented in terms of the percentage contributed to the variance in the original data. Also, it is noticeable that each component is more strongly correlated to some parameters that are considered most effective compared to others. The inter-correlation among the 13 basic, linear, and shape morphometric parameters related to the Zerqa River watershed are displayed in Table 5 . A strong correlation (correlation coefficient > 0.9) exists between elongation ratio (R e ) and form factor (R f ). Good correlations (correlation coefficient > 0.75) exist between the elongation ratio (R e ) and length of overland flow (L o ), form factor (R f ) and length of overland flow (L o ), stream frequency (F s ) and drainage density (D d ), bifurcation ratio (R b ) and basin area (A). Moderate correlations (correlation coefficient > 0.6) also exist between compactness coefficient (C c ) and shape factor (B s ), length of overland flow (L o ) and bifurcation ratio (R b ), basin length (L b ) and basin area (A), basin length (L b ) and perimeter (P). Table 6 shows the component loading matrix. It is obvious that the first two components whose eigen-values are greater than 1 and together account for 90.6% of the total variance in the original data are significant. The rotated component matrix (Table 7) shows that component 1 is highly correlated with bifurcation ratio (R b ), whereas component 2 is correlated satisfactorily with the shape factor (B s ) and compactness coefficient (C c ). As indicated in (Table 7) , the most important morphometric parameters are: shape factor (B s ), bifurcation ratio (R b ), and com- pactness coefficient (C c ). Thus, these parameters are employed for prioritization of the 43 sub-watersheds of the Zerqa River. (Figure 8 ), whereas, sub-watersheds 1, 3, 4, 7, 8, 9, 10, 14, 15, 16, 17, 18, 19, 22, 24, 30, 36, 37, and 41 (44. 2% of the total sub-watersheds) are 
Comparison of Sub-Watershed Prioritization Based on Morphometric Analysis and PCA Analysis
Linear and shape parameters are employed to calculate the compound parameter (C p ) for the Zerqa River sub-watersheds, and the final priority ratings for subwatersheds along with their placement in each prioritization category is illustrated in Table 4 . It is found that 17, 19, and 7 sub-watersheds are classified under high, moderate, and low priority respectively. Similarly, after applying the PCA analysis based on three parameters (R b , B s , and C c ) which are highly correlated with components 1 and 2, the final prioritization and the associated priority category (high, moderate, and low)is illustrated in Table 8 . The final prioritization maps for the Zerqa River sub-watersheds are shown in Figure 7 and Figure 8 . The prioritization of sub-watersheds based on morphometric and PCA analysis, were correlated to find out the common sub-watersheds falling under each priority. The correlation shows that 19 sub-watersheds (44.2% of the total) are common sub-watersheds in the priority falling under high, moderate, and low. Four sub-watersheds are classified under high level rank, eleven subwatersheds are categorized as of moderate priority, and four sub-watersheds are ranked with low priority (Table 9 ). Such results indicate that both prioritization methods employed did not produce similar results as stated recently by Gajbhiya and Sharma [48] in a study on the Shakkar River Catchment, Madhya Pradesh State, India. Such disagreement in the results related to the two case studies is mainly attributed to the differences in physical conditions between central India and northern Jordan. However, further comparative research must be carried out in different environments to verify the conclusion arrived by Gajbhiya and Sharma [48] . Thus, it is still more appropriate to conduct watershed prioritization research based on morphometric linear and shape parameters, and other approaches developed for this purpose, and to concentrate on elaborating the morphometric parameters employed.
Proposed Soil and Water Conservation Measures
Linear and shape parameters were employed to ascribe the priority of the 43 sub-watersheds. Information on land use/cover, soil type and slope has been utilized to help in proposing appropriate soil and water conservation measures. In the western part of the Zerqa River catchment, sub-watersheds nos. 5, 6, 8, 10, 13, 16, 17, 19, 31, 32, 33, 34, 35, 37, 38 , and 40 are classified under high priority for soil conservation measures. These sub-watersheds represent typical rainfed areas which are subjected to intense rejuvenation, landslide activity, and severe soil erosion, past and present abuse of land resources, recurrent droughts, overgrazing, and expansion of settlements at the expense of the fertile agricultural lands. It is worth noting that farmers of rainfed cultivation are aware of the soil erosion problem and its prospective consequences. For example, 27% of the farmer' who lived across W. Kufranja (northern Jordan)and received a questionnaire designed to assess farmer' perception of soil erosion and conservation, believe that efficient land management is urgently needed to recover intensively exploited land resources [33] . Further, 40.8% of respondents were convinced that afforestation and tree plantation are crucial for reducing soil loss. Expected advantages of enhancing soil and water conservation measures over the highland, which accommodate considerable areas of rainfed cultivation, could be illustrated in the following: control of soil erosion in fragile terrain units, reduction in sediment load of the Jordan Rift wadis, and reduced peak flows across these wadis [92] . Reduction in soil erosion rates has been verified recently by Al-Alawi and Abujamous [93] who estimated the average annual soil loss in the salt district (central Jordan) at 78 ton•ha −1 •year −1 before installation of soil conservation structures. Twenty years following this construction and tree-planting, the estimated average soil loss decreased considerably to an average of 33 ton•ha −1 •year −1 (35.76%). Moreover, it is postulated that in the years 1987-90, the estimated sediments yields were less than the actual ones in the KTD reservoir of the Zerqa River. This was attributed to the execution of a conservation practice program (Lower the Zerqa River watershed) conducted by the government of Jordan, in cooperation with the German government [12] . Such encouraging results emphasize the need to perform intensive research in order to reduce soil erosion loss, to improve the soil and water conservation techniques practiced, and to modify RUSLE parameters (i.e., C, P, and LS factors which are considered key factors in soil erosion). It has been stated that RUSLE parameters can be modified significantly through altering farmers environmental practices [94] with the support of local governments, where the farmers are aware of soil erosion problems. Cover and management factor (C), conservation practice factor (P), and slope length and steepness factor (L s ) can be improved noticeably to reduce soil erosion loss, conserve water in soil at the farm, hillslope, or sub-watershed scale to maintain crop productivity. The LS factor can be modified by shortening the length and steepness of slopes through the construction of contour stone terraces (locally termed mastaba) accompanied by tree-planting on slope categories 0˚ -3˚, 3˚ -15˚, 15˚ -25˚. Stone terraces should be placed in long rows along the contours at various intervals depending on length and steepness of slope [95] . Advantages of clearing the area from stones encourage the farmers to plow on contour. Grandoni terraces for forest trees and fruit trees could be implemented as well. In sub-watersheds where stones are not sufficiently available to build contour stone terraces, and where the land is too steep (>25˚), bench terraces can be prepared. Terraced farming in the highlands of central and northern Jordan has been used extensively by farmers to reclaim hilly and sloping lands and to conserve soil and water in the farm. Such techniques have been adopted since the Nabatean period, some 3000 years ago [2] . The objective of these terraces is to minimize surface runoff, thereby increasing water infiltration in the soil. The installation of check dams, drop structures or, weir (i.e., concrete drop structure and chute, gabion structures) across the gullies (1 -3 m of depth) and ravines (>3 m in depth) can decrease runoff coefficients and soil erosion under various forms of land utilization [96] . Structural conservation measures can be applied on both gentle and steep slopes particularly across sub-watersheds falling under high priority, and with a high potential of possible soil and water degradation. Nevertheless, structural conservation measures should be integrated with technology enhancing farming practice (i.e., rotation and contour ploughing) of rainfed cultivation to reduce soil loss and improve crop productivity. Minimal vegetation cover dominates the steep and long slopes (>20˚) along the major streams of these sub-watersheds. Steep slopes of 15˚ -25˚ category are cultivated, and tillage practices are performed up-and-down the slope instead of contour ploughing. Such practices accelerate soil erosion, and removal of the fertile surface layer, thus, degraded and non productive lands have increased. Irrespective of the installation of efficient conservation structures, improvement of cropping practice is fundamental in order to mitigate soil erosion on flat, gently sloping, moderately sloping or sloping rainfed farming areas. Contour strip intercropping cultivation at a proper planting density (i.e., 350 plants m −2 ) was found to be a promising farming practice to reduce runoff and soil erosion [97] . Similarly, experimental results on soil erosion control and moisture conservation, revealed that the presence of rock fragments on the surface were highly effective in reducing runoff and soil loss. Traditionally, farmers tend to clear land surface of stone and rock fragments which should not be the case, at a certain level of surface coverage (i.e., 5% -15%) [95] . Sub-watersheds nos. 9, 12, 21, 24, 25, 36, and 39 as an example are categorized as of moderate priority for soil conservation measures. All these sub-watersheds occupied semi-arid rangeland, and marginal cultivation, where the average annual rainfall is200 mm approximately. These marginal areas are termed locally "tenth land", i.e., producing crops every ten years because of low rainfall. Continuous cultivation of marginal lands accelerates soil erosion. Furthermore, ploughing these areas has eradicated the natural grasses, thus making them unsuitable for grazing. Overgrazing together with recurrent drought, has gradually damaged the grazing capacity of the land. Consequently, the protection of present vegetation cover, and redeveloping of the natural vegetation by means of seeding selected areas/sub-watersheds with appropriate grasses, and planning for efficient rangeland management [98] . Expanding tree-planting of drought-resistance species is also recommended. Subwatersheds nos. 23, 27, 28 and 29 are examples of low priority sub-watersheds for soil conservation measures. Most of the land surface here is covered by basaltic boulders, cobbles, and basalt rock fragments of different sizes, depending on the rate of weathering and the geological age of basalt. These lands constitute poor rangeland. Field experiments under natural rainfall conditions revealed that the presence of cobbles, stone and rock fragments in the field decreases runoff and soil loss from the field and increases infiltration and natural vegetation cover [95] . Application of stone at 5% and 15% surface coverage caused reasonable reduction in runoff by an average of 17% and 30% respectively. Moreover, the corresponding reductions in soil loss for both stone treatments were as large as 35% and 53% respectively. Growth of trees also is found to be better with a reasonable stone coverage due to the increase of infiltration and decrease in soil loss. The optimal utilization for these sub-watersheds is to rehabilitate the vegetation cover as a first step toward improving grazing potential.
Conclusion
Land degradation caused by severe soil erosion loss has seriously threatened the rainfed agriculture over the highland watersheds in central and northern Jordan including the Zerqa River catchment. Soil erosion has also increased sediment yield in the wadis/rivers particularly during heavy rainstorms. Hence, prioritization of the 43 sub-watersheds is crucial, and emphasizes the need to institute appropriate soil conservation measures, in order to maintain future farming sustainability. In the present investigation, integrated remote sensing, GIS, mophometric analysis, and principal component Analysis (PCA) techniques were employed to prioritize the sub-watersheds, and then to recommend efficient conservation measures. The prioritized sub-watersheds are located in three different bio-climatic zones which are varied in terms of physical conditions. These are: the rainfed agricultural areas; the rangelands, and poor grazing areas which are partially covered with basalt boulders and cobbles. Prioritization of subwatersheds was performed through analyzing ten linear and shape morphometric parameters related to the 43 sub-watersheds, and Principal Component Analysis. Then all sub-watersheds were assigned a rank on the basis of priority for adopting appropriate soil conservation measures. Additionally, supplementary information on land use, slope, and soil types was utilized to help in proposing proper soil and water conservation structures particularly for sub-watersheds as being categorized under high priority, and highly vulnerable to soil erosion loss. Appropriate soil conservation measures are suggested, taking into consideration land use/land cover in each sub-watershed, i.e., rainfed agriculture, limited irrigated farming, rangeland, soils, bare ground covered partially with basalt boulders and cobbles, and slopes which vary between 0 and 25˚. Relevant soil conservation measures were proposed in accordance to priority ascribed in order to minimize the adverse effect on land and environment. Furthermore, the priority assigned for the sub-watersheds was evaluated with reference to morphometric properties, predominant environmental conditions, and Principal Component Analysis (PCA). The results of prioritization based on morphometric analysis indicate that sub-watershed no. 35 has been ranked 1 with lowest compound parameters (C p ) at 14.3, while sub-watershed no. 31 and no. 8 are ranked as the second and third, with compound parameters at 17.0 and respectively, and with a high priority ( Figure 7 , and Table 4 ). Further, subwatersheds no. 40 and no. 33 are ranked as the fourth and fifth with compound parameters at 18.4, and 18.9 and with high priority as well. By contrast, subwatersheds no. 1, no. 20, and no. 30 are ranked as 26, 16 and 17 with compound parameters at 23.9, 21.5, and 21.6 respectively, and with moderate priority. Additionally, sub-watersheds no. 27, no. 28, and no. 29 are ranked as 32, 34 and 35, with compound parameters at 27.0, 27.5, and 27.8 respectively, and with low priority. However, a more regional approach can be elaborated and employed to establish satisfying data base/information using the methodology adopted here (or combined with other approaches, i.e., sediment yield, land use/cover, and soil loss modeling) to attain an optimum threshold for prioritization of rejuvenated watersheds suffering from high soil erosion rates, and deterioration of natural vegetation. The study demonstrates that the priority registry demarcates sub-watershed of noticeable land and water degradation, and thus of high "potential" for application of immediate conservation measures. These results are expected also to assist decision-makers in identifying priority sub-watersheds which need instant adaptation of proper conservation and land management practices. This investigation also verifies the efficiency of remote sensing and GIS techniques in prioritization of the Zerqa River sub-watersheds, and proves the capacity of morphometric parameters (computation and analysis) in prioritization research within GIS platform, for the Zerqa River and other comparable watersheds in central and northern Jordan.
